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Problems of Using Dynamic Programming to 
Search Large Sequence Database

• Search homologs in DNA and protein database is 
often the first step of a bioinformatics study.

• Local DP is too slow for large sequence database 
search such as Genbank and SwissProt.
Each DP search can take hours. 

• Most DP search time is wasted on unrelated 
sequences or dissimilar regions. 

• Developing fast, heuristic sequence comparison 
methods for database search is important.



Fast Sequence Search Methods

• All successful, rapid sequence comparison 
methods are based on a simple fact: similar 
sequences /regions share some common words. 
(This can improve sequence database search 
VERY significantly.  Why?)

• First such method is FASTP (Pearson & Lipman, 1985)

• Most widely used methods are BLAST (Altschul et al., 

1990) and PSI-BLAST (Altschul et al., 1997).



1. Compile a list of words for 
a query

2. Scan sequences in 
database for hits

3. Extending hits

Basic Local Alignment Search Tool 
(S. Altschul, W. Gish, W. Miller, E. Meyer and D. Lipman)

David Lipman

Stephen Altschul



Step 1: Compile Word List

• Words: w-mer with length w. 

• Protein 4-mer  and DNA 12-mer

DSRSKGEPRDSGTLQSQEAKAVKKTSLFE

Words: DSRS, SRSK, RSKG, KGEP….

Query: 

Notes: For DNA, use exact words appearing in the query. For protein, 
also include words similar to the words in the query (score > T =14)



Step 2: Scan database

Classic problem: find occurrence of a list of words 
in a sequence. 

•Integer indexing approach (hashing)

•Deterministic finite automaton or finite state machine.  (faster)



Integer Indexing Approach

• Total number of protein 4-mer is: 20 * 20 * 
20 * 20 =  20^4 = 160000

• Assign each 4-mer to an integer index in 
[1,160000]

• Create an array of 16000 elements 
representing 16000 possible words. Only 
words in query has value 1. Others 0. 
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Indicator Array Query

AAACDEFG

For each word in a sequence in database, convert it to an index,
and then check indicator array to see if the element is 1, 
which indicates a word match.



Step 3: Extension

• Extend words on both ends
• Terminate the process when we reach a segment 

pair whose score falls a certain distance below the 
best score found for shorter extensions.

• Depart from the ideal of finding a guaranteed 
Maximum Segment Pair, but the added inaccuracy 
is negligible. 

• Report significant MSP according to extreme 
value distribution



Words:  DSRS, SRSK, RSKG, KGEP….

DSRSKGEPRDSGTLQSQEAKAVKKTSLFEQuery:

Database Sequence: PESRSKGEPRDSGKKQMDSOKPD

Example of extension

Maximum Segment Pair: ESRSKGEPRDSG



Gapped Extension and Performance

• Use dynamic programming to extend hits so 
as to allow gaps in the resulting alignments.

• On average, 40 time faster than DP for two 
sequences. But in reality, it is much faster 
for database search.

• Comparable sensitivity

• Fewer false positives



Why is BLAST so successful?

• Address a fundamental problem
• Simple, yet powerful idea
• Well founded in theory (words-string 

matching, hashing, random process of 
Maximum Segment Pair)

• Implementation tricks -> super speed
• Sacrifice a little accuracy for speed 

practically (good heuristics)



Usage of BLAST

• Versions: BLASTP, BLASTN, BLASTX 
(translated)

• Sequence Databases: NR, PDB, SwissProt, Gene 
databases of organisms, or your own databases

• Input format: FASTA 
• Expectation value
• Low complexity
• Similarity matrix  (PAM or BLOSUM)
• Output format



Input Format and E-Value

• P-value

• E-value  =  database 
size (n) * p-value

• Common threshold: 
0.01

S

P-value = Prob(score >=S)



NCBI Online Blast



DNA Blast



Protein 
Blast



Output 
Format

Matched sequences ranked by score and evalue

Significant local alignments



Software and database download



Database Search Using Sequence 
Profiles

• Multiple Related Sequences (protein family 
and super family)

• Evolutionary relationship
• More data, more robust, more sensitive
• Consider a group of related sequences 

(profile) is a POWERFUL idea (sequence 
search, alignment, and protein structure 
prediction).



Why does a family of sequences 
help?

Protein Universe

Step 1



Why does a family of sequences 
help?

Protein Universe

Step 1

Step 2



Why does a family of sequences 
help?

Protein Universe

Step 1

Step 2

Step 3

Iterative search helps
find remote homologs.

We can build a sophisticated
profile / model from the 
group of sequences.

Protein 
Family



Representation of Profile

• Probability Matrix

• Hidden Markov Model

• Position Specific Scoring Matrix (PSSM)

• Profile can be considered a generalized 
sequence



Probability Matrix

DSRSKGEPRDSGTLQSQEAKAVKKTSLFE
PRRKTVLSLFDEEEDKMEDQNIIQAPQKE
DSRSKGE-RDSGTLQSQEAKAVKKTSLFE
PRDKTVL-LFDEEEDKMEDQNIIQAPQKE
DSRSKGE-RD-GTLQSQEAKAVKKTSLFE
PRTKTVL-LF-EEEDKMEDQNIIQAPQKE
DSRSKGE-RD-GTLQSQEAKAVKKTSLFE
PRTKTVL-LFDEEEDKMEDQNIIQAPQKE
DSRSKGEPRDSGTLQSQEAKAVKKTSLFE
PSTKTVL-LFDEEEDKMEDQNIIQAPQKE

Multiple Sequence Alignment
of a Protein Family Convert to L * 20 Probability

Matrix
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Profile captures more variations and conservations. It is more robust 
than single sequence. Essentially, it contains evolutionary information.
Note: To avoid 0-probability, pseudo-count is used.



Hidden Markov Model

DSRSKGEPRDSGTLQSQEAKAVKKTSLFE
PRRKTVLSLFDEEEDKMEDQNIIQAPQKE
DSRSKGE-RDSGTLQSQEAKAVKKTSLFE
PRDKTVL-LFDEEEDKMEDQNIIQAPQKE
DSRSKGE-RD-GTLQSQEAKAVKKTSLFE
PRTKTVL-LF-EEEDKMEDQNIIQAPQKE
DSRSKGE-RD-GTLQSQEAKAVKKTSLFE
PRTKTVL-LFDEEEDKMEDQNIIQAPQKE
DSRSKGEPRDSGTLQSQEAKAVKKTSLFE
PSTKTVL-LFDEEEDKMEDQNIIQAPQKE

Conservation
Insertion

Deletion

Main State

Insertion State

Deletion State

Each main/insertion
state has different
probabilities of emitting
amino acids.



Simplified Example of Position 
Specific Scoring Matrix
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Normalize observed probability (pi) using background 
probability (qi). Score = log (pi / qi).  (log – odds)

Background probability is 1/20 = 0.05



PSI-BLAST Algorithm

• Use BLAST to search database. Use significantly 
matched sequences to construct a PSSM

• Repeat 

Use PSSM to search database

Use significant matched sequences to construct a 
PSSM

• Until no new sequence is found or reach the 
maximum number of iterations.



Comments

• The algorithm of compare PSSM against sequence 
is the same as BLAST except that score is directly 
taken from PSSM instead of substitution matrix 
such as PAM or BLOSUM

• Sensitivity of PSI-BLAST is significantly 
improved over BLAST and other sequence only 
approaches such as Smith-Waterman sequence 
alignment method.



Use Standalone PSI-BLAST 
Software

• Download: http://130.14.29.110/BLAST/download.shtml

• Command:
blastpgp –i seq_file –j iteration –h include_evalue_threshold –e report_evalue_threshold –d database –o output_file

-i: input sequence file in FASTA format
-j: number of iterations
-d: pre-formatted sequence database
-h: cut-off e-value of including a sequence into PSSM during iterations
-e: cut-off e-value of reporting a sequence
-o: output file

• Database
Use pre-formatted database such as NR (non-redundant protein sequence database) or your own database.
Format your own database using command: formatdb –i sequence_file –o [T/F]
T: created index using sequence id (can potentially speed up search). 



Ten Topics
• 1. Introduction to Molecular Biology and Bioinformatics
• 2. Pairwise Sequence Alignment Using Dynamic Programming
• 3. Practical Sequence/Profile Alignment Using Fast Heuristic Methods 

(BLAST and PSI-BLAST)
• 4. Multiple Sequence Alignment 
• 5. Gene and Motif Identification
• 6. Phylogenetic Analysis
• 7. Protein Structure Analysis and Prediction 
• 8. RNA Secondary Structure Prediction
• 9. Clustering and Classification of Gene Expression Data
• 10. Search and Mining of Biological Databases, Databanks, and 

Literature 


